Abstract. MCM7 (mini-chromosome maintenance protein 7) is essential for the initiation of genomic replication as a component of the pre-replication complex. The present study aimed to analyze its expression, clinical significance and biological functions in gastric adenocarcinoma (GAC). The MCM7 protein was upregulated in all 9 GAC cell lines. In 6 paired primary GACs, MCM7 was upregulated in tumor compared with the corresponding non-tumorous gastric tissues. In normal gastric epithelium tissue, MCM7 was strictly expressed in the proliferative compartment. MCM7 knockdown by siRNA in gastric cancer cell line AGS and NCI-N87 significantly suppressed cell proliferation, inhibited monolayer colony formation, reduced cell invasion and induced late apoptosis. Its nuclear expression correlated with advanced age and poorer disease specific survival in diffuse-type GACs. All the findings supported that MCM7 might play an oncogenic role in gastric tumorigenesis. It serves as a potential prognostic marker and therapeutic target in diffuse-type GACs.
Introduction
Gastric cancer consists of primary malignant lesions in any part of the stomach and causes ~870,000 deaths worldwide per year (1) . The highest incidences are in eastern Asia (China, Japan, Korea), South America and Eastern Europe (2) . Most stomach cancer is caused by H. pylori infection (3) . The mechanism by which H. pylori induces stomach cancer potentially involves chronic inflammation or the action virulence factors such as CagA (4) . Dietary factors including some foods with high sodium such as smoked foods, salted fish and pickled vegetables are associated with higher risk (5) . Smoking increases the risk of developing gastric cancer significantly (6) . Other factors associated with increased risk are autoimmune atrophic gastritis, intestinal metaplasia and genetic factors (7) . Gastric cancers are overwhelmingly adenocarcinoma (8) and gastric adenocarcinoma (GAC) is a malignant epithelial tumor which originates from glandular epithelium of the gastric mucosa. According to Lauren classification, it is divided as two major types, intestinal-type and diffuse-type.
MCM7 is one of the highly conserved mini-chromosome maintenance proteins (9) that are essential for the initiation of genomic replication. The hexametric protein complex formed by the MCM proteins is a key component of the pre-replication complex (pre-RC) and involved in the formation of replication forks and in the recruitment of other DNA replication related proteins (10, 11) . Some studies have suggested that MCM4, 6 and 7 complexes contain DNA helicase activity (12, 13) and act as a DNA unwinding enzyme. MCM7 amplification and overexpression in several human malignancies has been identified (14) (15) (16) , and its function in cancer development is gradually revealed.
However, in GAC, MCM7 has not been functionally investigated and evaluated on its clinical significance. In the present study, we provide the first evidence that MCM7 overexpression is correlated with diffuse-type GAC patient survival and siRNA mediated downregulation of MCM7 in gastric cancer cell lines has anti-oncogenic effect. The 9 GAC cell lines  (MKN28, KATOIII, MKN45, SNU16, SNU1, MKN7, MKN1 , NCI-N87 and AGS) (17) , were cultured in RPMI-1640 (Gibco) supplemented with 10% fetal bovine serum (FBS; EU Gibco), 100 U/ml penicillin and 10 µg/ml streptomycin in a humidified MCM7 serves as a prognostic marker in diffuse-type gastric adenocarcinoma and siRNA-mediated knockdown suppresses its oncogenic function Immunohistochemical staining and scoring. Immunohistochemical staining of MCM7 was performed in 4 µm-thick sections. After de-waxing in xylene, sections were rehydrated, rinsed in distilled water, and incubated in 3% H 2 O 2 solution for 25 min to block endogenous peroxidase activities. Antigen retrieval was done by using pressure cooker with 10 nM citrate buffer (pH 6.0) for a total of 30 min (high power 10 min followed by low power 20 min). The primary antibody MCM7 (1:1,000, CDC47 Ab-2; NeoMarkers, Fremont, CA, USA) was applied at 4˚C overnight and chromogen development was performed using the standard avidin-biotin method (Dako). The nuclear expression of MCM7 was scored by estimating proportion of tumor cells with positive nuclear staining into 4 different groups (negative, none; weak, ≤10%; moderate, 10 to ≤25%; strong, >25%).
Materials and methods

Cell lines and primary GAC samples.
Western blot analysis. Protein was extracted from the GAC cell lines, normal gastric epithelium tissues together with 6 paired primary samples using RIPA lysis buffer with proteinase inhibitor. Protein mixed (20 µg) with 5X SDS loading buffer was loaded per lane, separated by 12% SDS-polyacrylamide gel electrophoresis. MCM7 protein was detected with MCM7 antibody (1:50, CDC47 Ab-2; NeoMarkers). Cleaved-PARP (Asp214) (1:1,000, #9541; Cell Signaling Technology, Danvers, MA, USA) was also evaluated to check late apoptosis.
In vitro functional study assays. Transfection was performed using Lipofectamine 2000 transfection reagent (Invitrogen) and siMCM7 (SI05064276 and SI05064283; Qiagen) at the concentration of 25 nM. Scramble siRNA was included as control. Cell proliferation was assessed using CellTiter 96 ® Non-Radioactive Cell Proliferation Assay (MTT) (Promega, Madison, WI, USA) according to the manufacturer's instructions. The absorbance at 570 nm was measured and documented for the 5-day MTT proliferation analysis (Victor3; Perken-Elmer, Waltham, MA, USA). Monolayer colony formation assay was performed as described in our previous report (18) . We used 6-well plates for this assay, 3 for siMCM7 and 3 for siScramble. The time-point was 8 days after transfection. Colonies were fixed with 70% ethanol for 15 min and stained with 2% crystal violet. Colonies with cell number of >50 cells/colony were counted. Cell invasion assay was performed in a 24-well invasion chamber (BD BioCoat Matrigel Invasion Chamber; BD Biosciences). Cells were harvested from the culture dishes 24 h after transfection, washed three times with culture medium containing 1% FBS, and resuspended in medium with 1% FBS. Then, 300 µl of the cell suspension (1x10 5 cells) was added into the Transwells, with 500 µl of culture medium containing 10% FBS in the lower chamber. After 24-h incubation at 37˚C, cells that invaded through the Matrigel membrane were fixed with 100% methanol for 2 min and stained with 1% Toluidine blue for another 2 min. Cells on the underside of the membrane were counted from 3 microscope fields and the average number recorded.
Statistical analysis. In the functional assays like MTT proliferation, monolayer colony formation and cell invasion, Student's t-test was used to compare the phenotype difference of siMCM7 knockdown cells and siScramble transfected cells. Correlations between MCM7 expression with other clinicopathologic parameters were evaluated by non-parametric Spearman's rho rank test. The Kaplan-Meier method was used to estimate the survival rates according to MCM7 nuclear staining. For the parameters statistically significant in the univariate survival analysis (P<0.05), the multivariate survival was achieved by the Cox regression analysis. All statistical analysis was performed by SPSS software (version 16.0; SPSS Inc.). A two-tailed P-value of <0.05 was considered to indicate a statistically significant result.
Results
Upregulation of MCM7 in gastric cell lines and primary gastric tumors.
The MCM7 mRNA expression levels were higher in 6 GAC cell lines (KatoIII, MKN45, SNU16, MKN1, NCI-N87 and AGS) than it in the normal gastric tissue as shown in Fig. 1A . The upregulation of MCM7 in the GAC cells was further confirmed by western blot analysis. High MCM7 protein expression was observed in all GAC cell lines compared with the 3 normal gastric mucosal samples from patients who underwent weight reduction gastrectomy (Fig. 1B) . Comparing tumor with the paired non-tumorous mucosa, upregulation of MCM7 protein was observed in all 6 tumor samples by western blot analysis (Fig. 1C) . In normal gastric epithelium tissues, only cells from neck region (proliferation compartment) showed MCM7 nuclear expression by immunohistochemistry (Fig. 1D) . Immunohistochemical analysis of 5 paired primary GAC samples showed positive nuclear staining of MCM7 in the tumor tissues but not in the non-tumorous gastric glandular epithelium (Fig. 1E) .
MCM7 knockdown in GAC cells exerts anti-oncogenic effect in vitro.
Upregulation of MCM7 in GACs suggested a potential tumorigenic role of MCM7 in cancer development. To further elucidate the functional role it plays, we investigated the effect of MCM7 knockdown by siRNA in vitro.
MCM7 were knocked down by 2 specific siMCM7s in AGS and NCI-N87 with high transfection efficiency (Fig. 2A) . The 5-day MTT assay indicated that the MCM7 knockdown reduced cell proliferation rates to significant levels (AGS, 32.1 and 30.0%; NCI-N87, 40.5 and 43.6%; P<0.001) (Fig. 2B ) compared with siScramble control groups. The viability change induced by siMCM7 was also confirmed by anchorage-dependent monolayer colony formation assays. A significant reduction of colony number and colony size was observed in cells transfected with siMCM7 compared with the siScramble group (reduced to 21.3 and 10.6% in AGS; 7.6 and 9.2% in NCI-N87; P<0.001) (Fig. 2C) . In cell motility assays using BD BioCoat chamber, we confirmed that the invaded cell number was significantly lower in the siMCM7 transfected cells than the control groups (impaired to 23.0 and 19.1% in AGS; 34.9 and 47.6% in NCI-N87; P<0.001) (Fig. 2D) , suggesting that MCM7 was involved in the invasion of cancer cells. Moreover, siMCM7 induced late apoptosis in AGS and NCI-N87 cells which was represented by activation of cleaved-PARP (Fig. 2A) .
MCM7 overexpression correlates with poor survival in diffuse-type primary GACs.
In total 267 GAC samples, MCM7 expression had no correlation with survival (P=0.724), thus, we checked its prognostic correlation according to histological type (intestinal and diffuse) and stage (early and advanced) separately. We found only in the diffuse-type GAC, MCM7 correlates with poor survival.
MCM7 was predominantly expressed in the nuclei of diffuse-type tumor cells (Fig. 3A) . Of the 123 diffuse-type GAC samples, 16 cases (13.0%) had MCM7 negative nuclear staining, 11 cases (8.9%) had weak staining, 44 cases (35.8%) had moderate staining and 52 cases (42.3%) had strong staining. No significant survival difference was observed between the 4-grade MCM7 expression by univariate analysis (P=0.071; 3B ). Then, we stratified negative and weak staining cases as negative/weak MCM7 expression group (27/123, 22.0%), and moderate and strong cases as moderate/strong MCM7 expression group (96/123, 78.0%). MCM7 nuclear expression correlates with poor survival based on these groupings (P=0.048; Fig. 3C ).
We further investigated the clinicopathological correlation of MCM7 in diffuse-type GACs. Table I summarizes the correlation of MCM7 with clinicopathological parameters in diffuse-type GAC patients. MCM7 expression only correlated with advanced age (>60 years; P= 0.015). Univariate analysis (Table II) indicated that MCM7 expression in diffuse-type GACs associated with poor disease-specific survival (P=0.048). Advanced age and stage were (T, N and M, respectively) also correlated with poor survival (P<0.05). By multivariate Cox proportional hazards regression analysis (Table II) , only stage (T, N and M, respectively) was independently associated with disease-specific survival (P<0.05).
Discussion
In gastric cancer, MCM7 was first screened from mRNA expression microarray (Fig. 4A ) and array-CGH (comparative genomic hybridization, Fig. 4B ) in 9 GAC cell lines. The MCM7 mRNA expression showed positive correlation with DNA copy number change (Fig. 4C) , indicating MCM7 DNA copy number gain was partly responsible for its mRNA upregulation in GAC, and van Dekken et al (19) screened MCM7 using the same method in gastroesophageal junction adenocarcinomas due to the DNA amplification and mRNA upregulation. MCM7 gene on chromosome 7q22 contains an intronic miRNA miR-106b-25 cluster in intron 13 (20) . MCM7 oncogenicity may be linked, at least in part, to overexpression of the hosted miRNAs which targets TGF-β tumor suppressor pathway in gastric cancer (21) .
MCM7 has been reported to be upregulated in many types of cancer and functions as oncogene in muscle- invasive bladder cancer (22) , non-small cell lung cancer (23, 24) , Hodgkin lymphoma (25) , prostate cancer (15), liver cancer (26) , meningiomas (27) , colorectal cancer (28, 29) , medulloblastoma (30) and oral squamous cell carcinoma (31) . By siRNA-mediated knockdown of MCM7 in GAC cell lines, the cell proliferation and invasion were inhibited, thus MCM7 knockdown exerts anti-oncogenic effect in vitro. This result was concordant with functional studies in other types of cancer. In medulloblastoma, exogenous overexpression of MCM7 increased tumor growth and invasiveness, whereas MCM7 knockdown by RNA interference inhibited cell growth and reduced cell migration and invasion (30) . MCM7 elimination in prostate cancer and non-small cell lung cancer cell lines also suppressed cell growth. In a mouse model of PC3 and DU145 xenografts of Table I . Correlation of MCM7 nuclear expression with clinicopathological features. prostate cancer, knockdown of MCM7 dramatically reduced the tumor volumes, decreased tumor metastasis and animal mortality (32) . Some reports indicated that MCM7 was a more reliable and useful biomarker in assessing tumor proliferation, aggression and in the prognosis of patients even than the existing markers such as Ki-67 (33, 34) . In primary diffuse-type GACs, we identified that MCM7 was moderately/strongly stained in 96 of 123 GAC (78.0%) and its overexpression was closely correlated with advanced age (>60 years). However, MCM7 expression was not detected associated with other clinicopathological factors including clinical grade, stage and lymph node metastasis. In endometrial carcinoma (35) and Hodgkin lymphoma (25) , MCM7 overexpression also correlates with advanced age. More importantly, its upregulation correlates with poor survival and predicts poor prognosis, indicating MCM7 might have potential as a biomarker and therapeutic target in diffuse-type GAC.
In conclusion, the present findings indicate that MCM7 expression may be a useful prognosis indicator in patients with diffuse-type GACs and its knockdown by RNA interference quenches its oncogenic property in gastric cancer. Significant P-value in bold and italic format.
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